Autosomal recessive childhood onset spinal muscular atrophy has been mapped to chromosome 5ql3. We report the analysis ofa polymorphic microsatellite which shows linkage disequilibrium with the disease. The linkage disequilibrium is observed with a null allele which is seen as the non-inheritance of alleles from one or both parents. The inheritance of a null allele was observed in 26 out of 36 (72%) informative childhood onset spinal muscular atrophy (SMA) families tested, of all types of severity and from a variety of ethnic backgrounds. In seven families segregating for the severe WerdnigHoffmann or SMA type I, no alleles were inherited from either parent using this microsatellite. This null allele may represent a deletion which is either closely associated with, or causes, the disease. 
Abstract
Autosomal recessive childhood onset spinal muscular atrophy has been mapped to chromosome 5ql3. We report the analysis ofa polymorphic microsatellite which shows linkage disequilibrium with the disease. The linkage disequilibrium is observed with a null allele which is seen as the non-inheritance of alleles from one or both parents. The inheritance of a null allele was observed in 26 out of 36 (72%) informative childhood onset spinal muscular atrophy (SMA) families tested, of all types of severity and from a variety of ethnic backgrounds. In seven families segregating for the severe WerdnigHoffmann or SMA type I, no alleles were inherited from either parent using this microsatellite. This null allele may represent a deletion which is either closely associated with, or causes, the disease. also have multiple copies in the candidate region and show abnormal genetic changes within a small proportion of SMA families. We have analysed these markers in our data set Childhood onset proximal spinal muscular atrophy (SMA) has been well defined clinically and genetically."5 It is a common autosomal recessive neurological disorder in which the initial biochemical defect is unknown, which results in abnormalities of the alpha motor neurones in the anterior horn of the spinal cord. Molecular genetic research has localised the mutation(s) to chromosome 5q1 1.2-q13.3.9" Genetic linkage analysis and the consideration of key recombinant family data has mapped the gene to the interval between the markers D5S435 and D5S557.9-" 13 Yeast artificial chromosome (YAC) contigs of this region have been constructed and new microsatellites reported.""'6 The candidate region contains chromosome 5 specific repeat sequences as evidenced by the detailed study of genomic and cDNA sequences that map within it."317 A microsatellite repeat, CATT-1, isolated by Burges et al,'6 has multiple sites within the region, with as many as eight alleles in any one person. In an attempt to distinguish between the individual sites for CATT-1, alternative primers flanking the various copies of this dinucleotide repeat were obtained. Genotyping with one set ofthese alternative primers (fig 2A and B) . Neither of these families showed the allele absence at the CAIT/alt locus, where they were informative.
The C212 microsatellite was also tested in 82 SMA families and 25 non-SMA families and showed no abnormalities in inheritance.
The sequence of the C 161 primers was compared to the sequence published for the CAIT-1 loci and found to be very similar. When C 161 was genotyped in the same families previously analysed with the CAIT-1 primers, the PCR pattern was found to be the same (data not Discussion Seventy-two percent (26/36) of all informative SMA families showed abnormal inheritance patterns at the CATT/alt locus. This phenomenon was seen in families with all three forms of SMA, from the UK, Finland, Germany, and Asia. Similar results have recently also been described in Canadian and North American SMA type I patients.'8 It is interesting to note that all the families which showed a "double null" inheritance pattern were of the severe SMA type I subgroup; this may in part explain the varying severity of the disease, if this "null allele" is in some way pathogenic. Furthermore, the three generation families available for study showed that the null allele was inherited from previous generations (fig 1A) . The null allele was seen to be inherited from previous generations through both the maternal and paternal lines. When the genotypes from the other polymorphic loci in this region are studied, it is clear that the abnormality is exclusively inherited from carrier grandparents. None of the 30 non-SMA families studied showed an abnormality at the CATT/alt locus. The high numbers of SMA families showing allele absence suggests that this genetic change may have a direct link with the mutation involved in SMA.
Melki et al'5 reported three families out of 201 (1-9%) showing abnormalities at the C272 locus and three families (1 -9%) showing changes at the C212 locus. Dosage studies indicated that two of the families abnormal at the C212 locus represented a de novo change and one an inherited change, respectively. One further family showed a de novo rearrangement with both of these markers. In our studies, two out of 106 families (1 8%) showed a similar genotypic change at the C272 locus, a result comparable to that found in the French cohort. Although we found no changes at the C212 locus, our data set may not be large enough to detect changes present at a frequency of 1 to 2%. We found no evidence for de novo loss of alleles at the C272 locus as these changes were observed in more than one sib. Melki et all5 presented evidence for such de novo cases. If such de novo changes have occurred in our population, the parents must be germline mosaics.
In summary, we present in this paper the results of genotyping at a new locus, CATT/alt. This locus not only shows significant linkage disequilibrium with SMA in the Finnish population, implying that it may be very close to the gene, but the deletion/null allele present in at least half of the SMA families studied may relate to the mutation itself. As the families with null allele/deletions at the C272 locus are not the same as those which also show allele absence at the CATT/alt locus, the region over which rearrangements associated with the disease can occur may be quite large (several hundred kilobases). The seven SMA type I families showing no inheritance of visible alleles at the CATT/alt locus from both parents are worthy of further study as these might represent the extreme DNA rearrangement which results in the most severe phenotype.
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